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Abstract 
The effects of ethanolic extracts of Mulberry Leaves (Morus alba L.) on nitric oxide (NO) serum level in rat and diameter of 
blood vessels in rabbit ear were investigated. NO level of ethanolic extract of mulberry leaves at dose of 100 mg/kg bw rats gave 
significant difference compared to negative control (P<0,05) at minute 30 after extract administration (4,51 ± 4,31 μM). 
Ethanolic extract of mulberry leaves at dose of 200 mg/kg bw had no significant difference in NO serum level. However, 
ethanolic extract of mulberry leaves at dose of 400 mg/kg bw rats increased NO serum level significantly compared to negative 
control (P<0,05) at minute 0, 10, 30, 60, and 90 after extract administration. The maximum serum level of NO of 400 mg/kg bw 
mulberry extract was 4,62 ± 3,05 μM, and it is the highest among other groups. Therefore this dose was choosen for 
vasodilatation assay in rabbit. Observation on blood vessels diameter in rabbit ears showed that ethanolic extract of mulberry 
leaves were able to dilatate the big vessels and small vessels of rabbit ears significantly compared to negative control (P<0,05) at 
minute 60 after extract administration. In conclusion, ethanolic extract of mulberry leaves at dose of 400 mg/kg bw rats or 202.67 
mg/kg bw rabbits has a vasodilator effect, probably due to an increase of NO serum level. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the School of Pharmacy, Bandung Institute of Technology.  
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1. Introduction 
Cardiovascular disease, i.c. hypertension, is the leading cause of death in Indonesia. According to the Directorate 
General of Health Services, Ministry of Health of the Republic of Indonesia in 2011, the highest mortality rate in 
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2010 in hospitalized patients is pneumonia at 7.60%, followed by intracranial injury was 5.29%, and essential 
hypertension (primary) of 4.81%1.  
There are many drugs with different mechanism that can be used to treat hypertension. Vasodilators are one of 
those drugs. Vasodilatation of blood vessel, one of them, can be caused by an increase of nitric oxide (NO) serum 
level2. NO acts by stimulating an intracellular enzyme, guanylyl cyclase, which produces cyclic guanosine 
monophosphate (cGMP)2. Increased cGMP concentration causes relaxation of vascular smooth muscle by a kinase-
mediated mechanism that results in dephosphorylation of myosin light chains, leading to vasodilatation2. 
The mulberry is a perennial woody plant and forms the basic food material for silkworms3. It belongs to family 
Moraceae and genus Morus4. In general, 10–16 species of genus Morus can be found in subtropical, warm and 
temperate regions of Asia, Africa and North America5. The leaves of Morus alba L. contain precious 
phytochemicals such as coumarins, flavonoids, phenols6. Those phytochemicals possess pharmacological 
importance, e.i. reduce blood pressure and reduce cholesterol level6. The mechanism of mulberry leaves in reducing 
blood pressure is still not fully understood. Therefore, one of the mechanisms in reducing the blood pressure, which 
is an increase of NO serum level, of mulberry leaves was investigated. 
 
Nomenclature 
cGMP cyclic guanosine monophosphate 
CMC carboxy methy cellulose 
ISDN isosorbide dinitrate 
NEDA  N-(1-Naphtyl) etylenediamine dihydrochloride 
NO nitric oxide  
2. Experiments 
2.1. Material 
Mulberry leaves (Morus alba L.), 95% ethanol, Isosorbide dinitrate (ISDN), sodium CMC, zinc sulphate, 
sulfanilamide, NEDA (N-(1-Naphtyl) etylenediamine dihydrochloride), sodium nitrite. Healty adult male Wistar rat 
(200-280 g) were obtainded from School of Pharmacy, Institute of Technology Bandung. Male New Zealand rabbits 
(1.5-2.5 kg) were obtained from Lembang, West Java, Indonesia. Rats and rabbits were maintained on normal chow 
and tap water ad libitum. 
2.2. Methods 
2.2.1. Collection and preparation of ethanolic extract 
Whole plants were collected from Lembang, West Java, Indonesia. Determination of plants was done in 
Herbarium Bandungense Bandung Institute of Technology. The leaves of mulberry were dried and grinded. The 
leaves then were refluxed in 95% ethanol, in a round bottom flask. The extracts were filtered and filtrate was 
evaporated under reduced pressure on water bath to obtain crude. 
2.2.2. Measurement of nitric oxide (NO) serum level in rat  
Male Wistar rats were divided into five test groups, consisting of 0.5% sodium CMC as a negative control, 
Isosorbide dinitrate (ISDN) at a dose of 1.8 mg / kg bw as a reference group, mulberry leaf extract dose of 100 mg / 
kg bw, 200 mg / kg bw, and 400 mg / kg bw. Each group contained six rats. Measurement of baseline NO levels 
performed before administration of the test substance. Then the test substance were given orally for seven 
consecutive days. On day 7 of oral administration, levels of NO from blood serum were measured at minute 0, 10, 
30, 60, and 90 after administration of the test substance. Rat blood was centrifuged with a speed of 10,000 rpm for 
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10 minutes to obtain serum. A total of 400 mL of serum was taken and added to 6 mg of zinc sulfate. Then the 
serum was centrifuged again with a speed of 10,000 rpm for 10 minutes. 250 mL of supernatant was taken and 
diluted four times. Samples were then treated with 1 mL of Griess reagent (sulfanilamid: N-(1-Naphtyl 
ethylenediamine dihydrochloride (NEDA) = 1: 1) and incubated for 30 min at room temperature. Measurements of 
NO levels in the samples was done with a UV-Vis spectrophotometer instrument with a wavelength of 546 nm. 
Concentration was obtained as a result of a linear calibration curve with the absorbance of the standard nitrite with a 
concentration range of 0 - 50 μM. 
2.2.3. Measurement of vascular diameter in rabbit ear 
Male New Zealand rabbits were divided into 3 test groups, consisting of ethanolic extract of mulberry leaves 
dose of 202.67 mg/kg bw, ISDN dose of 0.91 mg / kg bw rabbit as a reference dose, and 0.5% sodium CMC as a 
negative control. Each group consisted of three rabbits. Before administering the test substance, diameter of big and 
small blood vessels in the rabbit ear was measured using calipers. The test substance was given orally for seven 
consecutive days. On day 7, the diameter of the blood vessels in the rabbit ear was measured again at minute 0, 10, 
30, 60, and 90 after administration of the test substance. 
2.2.4. Statistical analysis 
Data represent as mean ± standard deviation. Analysis of variance (ANOVA) of all the estimated variables was 
carried out separately and differences were considered significant at P < 0.05. 
3. Results and Discussion 
The level of NO before the experiment was similar in all groups (Figure 1A). After 7 day of treatment (Figure 1B), 
level of NO in ISDN group did not differ compared to negative control (time 0). However, the significant increased 
of NO serum level was observed at minute 30, 60, and 90 after ISDN administration. ISDN as a vasodilator acts in 
short period of time, which necessitates multiple doses during the day. While in ethanolic extract of mulberry leaves, 
the level of NO differed compared to negative control after 7 day of treatment. Upon administration of ethanolic 
extract of mulberry leaves at dose of 100 mg/kg bw rats gave significant difference in NO level compared to 
negative control (P<0.05) at minute 30 after extract administration (4.51 ± 4.31 μM). Ethanolic extract of mulberry 
leaves at dose of 200 mg/kg bw had no significant difference in NO serum level. Furthermore, ethanolic extract of 
mulberry leaves at dose of 400 mg/kg bw rats increased NO serum level statistically significant compared to 
negative control (P<0.05) at minute 0, 10, 30, 60, and 90 after extract administration. A maximum NO level of 
extract at dose of 100, 200, and 400 mg/kg bw was reached at minute 30 (4.51 ± 4.31 μM), 0 (4.25 ± 2.09 μM), and 
10 (4.62 ± 3.05 μM), respectively. Overall, the data suggest that ethanolic extract of mulberry leaves can increase 
and maintain the high levels of  NO for long period of time.  
 Cyperus rotundus L. is another plant which has been reported to have a vasodilator effect7. Cyperus rotundus 
acts in short period, similar with ISDN. Eleutherine americana (Aubl.) Merr has been reported as well to have an 
antihypertensive effect by increasing NO level8, and its NO profile is similar with  mulberry extract.  
Mulberry leaves has been reported to have various active components such as flavones, steroid, 
triterpenes, amino acids, vitamins, and minerals9. Among these components, L-arginine, an 
amino acid, possess an anti-hypertensive effect as L-arginine is a compound that play a role in 
synthesizing NO. However, we do not exclude the possibility that other components could also 
mediate an anti-hypertensive effect. 
 
 








Fig. 1. NO level upon administration of Mulberry leaf extract. A. NO level before treatment. Data are represented as mean ± SD. B. NO level at 
day 7 after treatment. Data are represented as mean. *P < 0.05 vs. Sodium CMC 0.5%. n = 6, bw = body weight 
Table 1. Diameter of Blood Vessels in Rabbit Ears Before  Treatment 
Group 
Diameter of blood vessels (cm) 
Big vessels Small vessels 
sodium CMC 0.5%  0.17 ± 0.03 0.11 ± 0.03 
ISDN 0.14 ± 0.02 0.08 ± 0.03 
Ethanolic extract of mulberry leaves 202.67 
mg/kg bb rabbit 
0.12 ± 0.06 0.11 ± 0.05 
 Data are represented as mean ± standard deviation. n=3 rabbits for each group. 
Diameter of big and small blood vessels in rabbit ear before the experiment was similar in all groups (Table 2). 
After 7 day of treatment (time 0 in the Table 3), diameter of big and small blood vessels in both extract and ISDN 
group did not differ compared to negative control. However, the increased of vascular diameter was observed 
immediately after extract or ISDN administration. After ISDN administration, diameter of small vessels was 
stastitically significant compared to negative control at minute 60 (Table 4). While in extract group, the statistical 
significance was observed in big and small vessels at minute 60 and 90; and 60, respectively (Table 3 and 4). These 
data suggest that ethanolic extract of mulberry leaves is able to dilatate blood vessel in rabbit ear. 
Table 2. Diameter of blood vessels in rabbit ears before treatment 
Group 
Diameter of blood vessels (cm) 
Big vessels Small vessels 
sodium CMC 0.5%  0.17 ± 0.03 0.11 ± 0.03 
ISDN 0.14 ± 0.02 0.08 ± 0.03 
Ethanolic extract of mulberry leaves 202.67 mg/kg bw rabbit 0.12 ± 0.06 0.11 ± 0.05 
Data are represented as mean ± standard deviation. n=3 rabbits for each group. 
Table 3. Diameter of big vessels in rabbit ears after treatment 
Group Diameter of big vessel (cm) 
0 10 30 60 90 
Control 0.16 ± 0.03 0.16 ± 0.03 0.17 ± 0.03 0.16 ± 0.03 0.17 ± 0.03 
ISDN 0.17 ± 0.03 0.17 ± 0.03 0.18 ± 0.04 0.20 ± 0.04 0.20 ± 0.04 
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Extract 202.67 mg/kg bw 0.19 ± 0.06 0.21 ± 0.04 0.22 ± 0.05 0.22 ± 0.02* 0.23 ± 0.04* 
Data are represented as mean ± standard deviation. n=3 rabbits for each group. *P<0.05 compared to control group 
Table 4. Diameter of small vessels in rabbit ears after treatment 
Group Diameter of small vessel (cm) 
0 10 30 60 90 
Control 0.08 ± 0.03 0.10 ± 0.01 0.09 ± 0.02 0.08 ± 0.02 0.09 ± 0.01 
ISDN 0.08 ± 0.02 0.09 ± 0.02 0.11 ± 0.03 0.12 ± 0.02* 0.13 ± 0.04 
Extract 202.67 mg/kg bw 0.09 ± 0.02 0.12 ± 0.03 0.13 ± 0.02 0.11 ± 0.03* 0.11 ± 0.03 
Data are represented as mean ± standard deviation. n=3 rabbits for each group. *P<0.05 compared to control group 
Cyperus rotundus L. is another plant which has been reported to have a vasodilator effect7. Cyperus rotundus acts 
in short period, similar with ISDN. Eleutherine americana (Aubl.) Merr has been reported as well to have an 
antihypertensive effect by increasing NO level8, and its NO profile is similar with  mulberry extract.  
Mulberry leaves has been reported to have various active components such as flavones, steroid, triterpenes, 
amino acids, vitamins, and minerals9. Among these components, L-arginine, an amino acid, possess an anti-
hypertensive effect as L-arginine is a compound that play a role in synthesizing NO. However, we do not exclude 
the possibility that other components could also mediate an anti-hypertensive effect. 
4. Conclusion 
Ethanolic extract of mulberry (Morus alba L.) leaves at dose of 400 mg/kg bw rats or 202.67 mg/kg bw rabbits 
has a vasodilator effect, probably due to an increase of  NO serum level. 
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